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ABSTRACT 

T h i s  r e p o r t  summarizes t h e  work accompl ished  
unde r  Bellcomm Task 2 8 ,  "Data P r o c e s s i n g  f o r  Advanced Manned 
M i s s i o n s . "  The t a s k  r e s u l t e d  i n  t h e  d e f i n i t i o n  o f  an  ove r -  
a l l  flow o f  data  i n  space  and on t h e  ground f o r  a p l a n e t a r y  
f l y b y  and two e a r t h - o r b i t a l  m i s s i o n s .  It a l s o  e v a l u a t e d  
advances  i n  a e r o s p a c e  d i g i t a l  computers  and d e f i n e d  f u n c t i o n a l  
r e q u i r e m e n t s  f o r  computers  on advanced manned m i s s i o n s .  A 
b r i e f  summary o f  each  document i s s u e d  unde r  Task 28 i s  g i v e n  
i n  t h e  Appendix. 
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FINAL REPORT - TASK 28 
"DATA PROCESSING FOR ADVANCED MANNED MISSIONS" 

1 . 0  I N T R O D U C T I O N  

1 
I 
II 
1 

Task Order  28,  "Data P r o c e s s i n g  f o r  Advanced Manned 
M i s s i o n s , "  was concerned  w i t h  b o t h  t h e  o v e r a l l  f low o f  data 
and t h e  r o l e  o f  t h e  spaceborne  computer  w i t h i n  t h i s  f l o w .  
The t a s k  had three  ma jo r  o b j e c t i v e s :  

1. To d e f i n e  t h e  o v e r a l l  f l o w  o f  data ,  i d e n t i f y  
i m p o r t a n t  t r a d e o f f s  and problem areas ,  and 
prepare  data f low c h a r t s  f o r  v a r i o u s  advanced 
m i s s i o n s  ; 

2 .  To e v a l u a t e  advances i n  d i g i t a l  computer t e c h n o l o g y  
f o r  a p p l i c a t i o n  t o  advanced  spaceborne  computer  
s y s t e m s  ; 

3. To d e f i n e  f u n c t i o n a l  r e q u i r e m e n t s  f o r  spaceborne  
computers  on advanced manned m i s s i o n s .  

T h i s  r e p o r t  summarizes t h e  r e s u l t s  o f  t h e  s t u d y  i n  t h e  t h r e e  
areas l i s t e d  above.  A b r i e f  summary o f  each  document i s s u e d  
unde r  t h e  Task i s  i n c l u d e d  i n  t h e  Appendix. 

2 . 0  OVERALL FLOW O F  DATA 

The s t u d y  o f  t h e  o v e r a l l  f l o w  o f  data  f o r  advanced 
manned m i s s i o n s  was d i v i d e d  i n t o  a s t u d y  o f  spaceborne  data 
f l o w  and  a s t u d y  o f  ground-based data  f l o w .  The i n t e r f a c e  
be tween t h e  two, namely s p a c e c r a f t - e a r t h  communicat ions,  was 
t r ea t ed  as a t h i r d  s t u d y  a r e a .  

Three t y p e s  o f  advanced m i s s i o n s  were c o n s i d e r e d  
as examples  f o r  t h e s e  s t u d i e s :  a Mars f l y b y  m i s s i o n ;  a n  
e a r t h - o r b i t a l  m i s s i o n  emphas iz ing  ea r th  r e s o u r c e s  and meteor -  
o l o g y  e x p e r i m e n t s ;  and an e a r t h - o r b i t a l  m i s s i o n  emphas iz ing  
as t ronomy e x p e r i m e n t s .  Each was assumed t o  t ake  p l a c e  f o r  t h e  
f i r s t  t i m e  i n  t h e  mid -70 ' s .  The m i s s i o n s  are d e f i n e d  i n  more 
d e t a i l  i n  Refe rence  1. 

2 . 1  Flow o f  Data i n  SDace (1) 

It was concluded  t h a t  t h e  above t y p e s  o f  advanced  
manned m i s s i o n s  w i l l  g e n e r a t e  v a s t  amounts o f  data ,  m o s t l y  i n  
t h e  form of p i c t u r e s .  G e n e r a t i o n  ra tes  i n  t h e  r a n g e  of 1-30 
m e g a b i t s / s e c ,  and t o t a l  d a t a  i n  t h e  r a n g e  o f  1014-1015 b i t s  
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per mission will be returned to earth by a combination of 
transmission and physical return. 

Some data will be stored on board a spacecraft for 
transmission at a later time,for use on board,or for return 
with the crew. Most of the bits stored will be in the form 
of developed film. Nevertheless, large bulk memories for 
storing data electrically will also be required--about 107-10 8 
bits for storage of' computer programs and tables, and 
10 9 bits for storage of data collected during the mission. 

Transmission rates on the order of 1 megabit/sec 
for a Mars flyby mission and 20 megabits/sec for an earth- 
orbital mission will probably be feasible in the mid 70's. 
Given these high rates, there should be no problem in trans- 
mitting non-imagery data to earth. However, if large numbers 
of images are to be returned from deep space missions, com- 
promises will have to be made among the number of pictures 
returned, their quality, and the delay in delivering them 
to users. For example, a high resolution picture containing 
2 x lolo bits takes 5.6 hours to be transmitted at 1 megabit/sec. 
Sending a single frame, commercial quality TV picture of the 
same scene ( ~ 2  x 10 bits) would take only 2 seconds- The latter 
alternative allows near-real time recovery by sacrificing 
resolution. 

6 

Another alternative is the use of formal data com- 
pression techniques. Unfortunately, the bulk of the data 
on the missions considered would consist of experiment photo- 
graphs (and other images) with poorly known statistics or 
with a high premium on saving new or unusual features. High 
resolution photographs of planets are examples. Formal com- 
pression techniques cannot be applied to these data without 
risk of losing significant information. However, after a 
number of uncompressed images are processed on board or on 
earth, a compression technique might be chosen for the re- 
maining images. There will also be some imagery experiments 
(e.g., stellar surveys) and operational pictures (e.g., crew 
movements) which will better lend themselves to cornpression. 
It was, therefore, concluded that automatic data compression 
techniques would be used on advanced missions, but they must 
be alterable in flight if they are to be used for the bulk of 
the data. 

The crew's ability to do high-level information 
processing should also be used to reduce data transmitted. 
The score of their activities can range from "simple" tasks 
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such  as s e l e c t i n g  par t s  of  p i c t u r e 2  f c r  t r a n s m i s s i o n ,  t o  t h e  
complex p r o c e s s e s  o f  i n t e r p r e t i n g  and g e n e r a . l i z i n g  on expe r -  
i m e n t a l  r e s u l t s .  
c a n n c t  be p l a c e d  on t h e  crew because  t h e y  can  b e  overloadeci  b y  
e v e n  such  "s imple"  tasks as p i c t u r e  s e l e c t i o n .  For example,  
manual ly  s c s n n l n g  e v e r y  p i c t u r e  c o l l e c t e d  on t h e  mcdel. e a r t h  
rescLi rces  m i s s i o n  used  i n  t h i s  s t u d y  would r e q u i r e  '15 man-hours/ 
day ! 

Kowever, ~ 1 1  of t h e  data  compress ion  burder,  

Data c o n p r e s s i c n  i s  o n l y  one o f  many t a s k s  which w i l l  
be  i.r!cluded i n  onboard d s t a  p r c c e s s i n g  on advance6  m i s s i o n s .  
S e v e r a l  o t h e r s  a r e  d i s c u s e d  i n  S e c t i o n  4 . 0 .  

2 . 2  Spac . ec ra f t -Ea r th  Comnunications 

I d e a l l y ,  one would l i k e  t o  send  a l l  data c o l l e c t e d  
on the m i s s i o n  t o  e a r t h  i n  r e a l  t i m e .  Cecause th i s  i s  i m -  
p r a c t i c a l  w i t h  t h e  p r e s e n t  s t a t e  o f  t e c h n o l o g y ,  one at terr ipts  
t o  maximize d a t a  r a t e s  and t o t a l  b i t s  t r a n s m i t t e d ,  s u b j e c t  
t o  t h e  b a s i c  c o n s t r a i n t s  o f  s p a c e c r a f t  weight and d o l l a r  c o s t .  

A s t u d y  ( 3 )  p e r f o r n e d  w i t h i n  Bellcomm ( b u t  o u t s i d e  
o f  Task 2 8 )  showed t h a t  a 1 megabi t / sec  downlink i s  f e a s i b l e  
a t  p l a . n e t a r y  e c c o u n t e r  on a Mars F l y b y  M i s s i o n . *  A t  l eas t  
a 1 megab i t / s ec  c a p a b i l i t y  wculd b e  a . v a i l a b l e  f o r  more t h s n  
9 0 %  o f  t h e  miss ior , .  
q u a l i t y  TV p i c t u r e s  p e r  minute ,  c r  cne  v e r y  h i g h  r e s o l u t i o n  
p i c t u r e  ( w i t h  %lo1' b i t s )  p e r  day .  
all cf  t h e  d a t a  c o l l e c t e d  on t h e  mcdel Mars F l y b y  K i s s i o n  c o u l d  

T h i s  i s  e q u i v a l e n t  t o  s e v e r a l  commerciel-  

A t  l e a s t  h a l f  a n a  p o s s i k l y  

be t i aansmi t t ed  b e f o r e  t h e  s p a c e c r a f t  r e t u r n s  t o  ea r th .  (1) 

T' ransmiss ions  would be made t o  one o f  t h r e e  Deep 
Space Network ( D S N )  s i t e s .  If more t h a n  ~ 1 . 0 0  k i l o b i t s / s e c  
were to t e  fo rwarded  i n  r e a l  t i n e  fron: t h e  DSN s i t e s  t o  a 
c e n t r a l  p rocessTng s i t e ,  communicatfons s a t e l l i t e s  s e r v i n g  
as ground-air-ground r e l a y s  wculd be r e q u i r e d .  (They  n i g h t  
e v e n  be  Cles i rab le  for lower  vates . )  The b u l k  o f  t h e  d a t a  
woulc be s t o r e d  a t  t h e  DSN s i t e s  and p h y s i c a l l y  fo rwarded  
a t  a l a t e r  t i ne .  (1) 

% T h i s  assumes a 20-30 f t .  antenria  on boa rd  t h e  s p a c e c r a f t ,  
363-145 watts t r a n s m i t t e d  o u t p u t  power,  and a 210  f t .  Deep 
Space Network a n t e n n a  r e c e i v i n g  a t  e a r t h .  
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For low earth-orbital missions, downlink capacity 
as high as 20 megabits/sec would be feasible. This capacity 
would allow real-time TV transmissions of nearly commercial 
quality. Since TV would be used only sporadically, the same 
channel could be used and would be large enough for all other 
mission purposes. An omnidirectional spacecraft antenna with 
10-20 watts output power could be used with essentially the 
present Manned Spaceflight Network (MSN) to provide the 
20 megabits/sec rate, but with only 20% ground coverage. ( 2 )  

To obtain 100% coverage, three synchronous satellites 
would be required as links between the spacecraft and ground. 
The spacecraft would require the equivalent of a 15 ft. para- 
bolic antenna and 40-70 watts output power. Nearly all data 
collected on the earth resources mission could be transmitted 
using this system. The use of synchronous relay satellites 
would also allow the use of a central receiving station on 
the ground. 

2 . 3  Flow of Data on the Ground (1) 

Data management functions on the ground will be 
similar to those for Apollo. Rates and volumes will be much 
larger. Experiment data processing, especially for pictures, 
will be vastly increased, and there will be a requirement 
to process data from two or more simultaneous missions. 

The overall ground processing and routing scheme 
will depend heavily on whether or not communications satellites 
will be available f o r  routing data to a centralized mission 
control center. This is true f o r  deep space as well as earth- 
orbital missions. If communications satellites are not used, 
a decentralized system somewhat along the lines of the present 
Apollo network is logical. Regardless of which scheme is 
used, the state of computer technology is expected to be 
adequate to handle mission operations, except f o r  the unlikely 
possibility of having to do complex picture processing in real 
time. The major ground data processing problems relating to 
mission control are thus likely to be more of organization and 
efficient use of  resources than of technical feasibility. 
Typical questions will be: should each mission use a dedicated 
computer system or time share a larger system; and, what 
should be the division of responsibility for experiment control 
between NASA and principal investigators? 

Processing the collected data is quite another matter. 
Again it is mainly the pictures at question. Unless there are 
surprisingly large advances in computer technology and in our 
knowledge of how to automatically retrieve information from 
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p i c t u r e s ,  i t  i s  d o u b t f u l  t h 8 t  t h e  ground p r o c e s s i n g  c o u l d  
k e e p  up w i t h  t h e  r a t e  o f  data c o l - 1 - e c t i ~ n  from s o ~ e  c l a s s e s  
of e a r t h - o r b i t a l  m i s s i c n s .  Cf c o u r s e ,  it i s  eas i e r  t o  com- 
p romise  t h e  6epth  and t i r e  p e r i o d  cf exper iment  data p r c c e s s i n g  
t h a n  of m i s s i o n  s a f e t y  data ,  N e v e r t h e l e s s ,  i t  w i l l  be  i n -  
c r e a s i n g l y  i m p o r t a n t  t o  match m i s s i o n  o b j e c t i v e s  t o  ground 
data p r o c e s s i n g  r e s o u r c e s ,  bo th  hclman and machirie. 

3 .0  SPACEEORNE COMPUTER TECHKCLCGY - -- 
I n  o r d e r  t o  e v a l u a t e  advances  i n  computer  t e c h n o l o g y  

which might b e  a p p l i c a b l e  tc: advanced manned m i s s i c n s ,  i t  i s  
n e c e s s a r y  t o  u n d e r s t e n d  what t h e  s t z t e - o f - t h e - a r t  o f  a e r o s p a c e  
computers  i s  t o d a y  and how it has evo lved .  
t a n t  t o  u n d e r s t a n d  t h e  e v o l v i n g  r o l e  of t h e s e  c c n p u t e r s  w i t h i n  
o v e r a l l  a v i o n i c s  s y s t e m s .  

It i s  a l s o  impor- 

To a c h l e v e  these g G a l s ,  a canvassby  mail  was conducted  
o f  a l l  knowri a e r o s p a c e  computer vznufz i c tu re r s  . The canviLss 
r eques t ed .  i n f o r m a t i o n  on t h e  m a n u f a c t u r e r s  ' latest .  macMrLee. 
G l s c u s s i c n s  were h e l d  w i t h  v a r i o u s  b r m c h e s  o f  N A S A  and the COD 
t o  d e t e r n i n e  flew a p p l i c a t i o n s  cf a e r c s p a c e  computers  aRd to 
l e a r n  how t h e y  are  beir ,p,  i n t e g r a t e d  wi th i r i  l a r g e r  s y s t e m s . "  
V i s i t s  were a l s o  made t o  Xavy b r a n c h e s  h a v i n g  s h i p b o a r d  computer  
a p p l i c a t i o n s  r e l a t e d  t o  thGse i n  s p a c e c r a f t s .  A 1 i t e r a . t u r e  
s e a r c h  on a e r o s p a c e  computer t e c h n o l o g y  was conduc ted  and w&s 
scpp lemen ted  b9 d i r e c t  d i s c u s s i o n s  w i t h  some computer  manu- 
f a c t u r e r s  and b y  a t t enda r , ce  a t  t e c h n i c a l  s o c i e t y  r r e e t i n g e .  

3 .1  (4) S t a t e - o f - t h e - A r t  of Aercspace Computers 

The r e s u l t s  of  t h e  above a c t i v i t i e s  show t h a t  some 
s h a r p  changes have c c c u r r e d  i n  a e r o s p a c e  computers  o v e r  t h e  
f i v e  year p e r l o d  end ing  i n  1967. The f a s t e s t  a v a i l a b l e  a.dd 
t i m e  ha.s d e c r e a s e d  b y  a f a c t o r  o f  s i x ,  t o  2 u s e c ;  t h e  f a s t e s t  
a v a i l a b l e  m u l t i p l y  tirr,es hhve d e c r e a s e d  by  t h e  s t a r t l i n g  f a c t o r  
o f  f o r t y ,  t o  6 usee. N e v e r t h e l e s s ,  computers  are  s t i l l  beirLg 
p roduced  w i t h  a f a i r l y  wide r a n g e  o f  c h a r a c t e r i s t i c s ,  r e f l e c t i n g  
t h e  v a r i e t y  of a p p l i c a t i o n s  and b u d g e t s  f o r  which t h e y  are  
i n t e n d e d .  
which l o o k  more and more l i k e  ground-based mach ines .  
f o r m a t s  f o r  i n s t r u c t i o n  words, i n s t r u c t i o n  s e t s  c o m p a t i b l e  
w i t h  ground-based machines ,  and memory h i e r a r c h i e s  are  examples  
of t h i s  t r e n d .  

One ma jo r  t r e n d  i s  toward  a e r o s p a c e  computers  
M u l t i p l e  

*See t r i p  r e p o r t s  l i s t e d  i n  t h e  Appendix f o r  f u r t h e r  
d e t a i l s  on t h e s e  n e e t i n g e .  
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3.2 Recent New Applications for Aerospace Computers 

Recent new applications of aerospace digital computers 
include tasks which have been taken over fron analog systems 
in order to obtain more precision, to allow more cbmplex 
processing, or to increase reliability. This "takeover" 
phenomenon is especially prevalent in aircraft and ships for 
such functions as fire control, autopilot, guidance and 
navigation, and diFplay-driving. 
vehicles for autopilot, guidance and navigation, and pointing 
and holding functions. 

It has also occurred in space 

Another source of new applications is simply the 
expansion of previous applications which have proven successful. 
Thus, limited driving of simple displays has expanded into 
control of integrated displa.ys; and guidance and navigation 
have become increasingly sophisticated and more accurate. 

The third source of new applications are those which 
become feasible or economical to automate only with the 

being performed at Goddard Space Flight Center to increase 
the amount of experiment data processing which can be perforned 
in space, and to make the assignment of channels and sampling 
rates more flexible by carrying telemetry formats as inflight 
programmable software. ( 5 )  
upon which the DOD is relying heavily, is automated testing and 
diagnosis for their increasingly ccmplex electronics, especially 
computers themselves. 

use of digital computers. F o r  example, much work ( 5 , @  is 

Another application of this kind 

3.3 Configurations of Aerospace Cornputer Systems 

Now that aerospace computers are becoming more and 
more powerful, and the number., variety, and flexibility of 
off-the-shelf' machines is increasing, the aerospace industry 
is faced with questions similar to those the ground has had 
for years: Namely, how shall we select our overall computer 
systen; configuration? Should we decentralize, using function- 
oriented rr,achines, or put all the functions into one large 
(computer system) basket? 
multicomputers, or completely independent machines? Shculd 
we use redundmcy at the component, module, or computer level? 

From the research conducted under Task 28, it is 
apparent that there are few if any dominating trends which 
might indicate answers to these questions. There are examples 
of the complete range of heavily centralized to heavily de- 
centralized avionics systems flying today. The prime reason 
for this situation is the lack of satisfactory quantitative tools 
to search for answers. 

Should we use multiprocessors, 
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V i r t u a l l y  no a e r o s p a c e  computer sys t ems  c o n f i g u r a t i o n s  
are  o p t i r r i z e d ;  most are de te rmined  b y  a combina t ion  o f  l o g i c ,  
i n t u i t i c n ,  and p e r s o n a l  b i a s e s ,  w i t h  t h e  g o a l  o f  f i n d i n g  scrrie 
workable  c o n f i g u r a t i c n .  Management c o n s i d e r a t i o n s  a l s o  p l a y  
a ma jo r  r o l e  i n  c o n f i g u r a t i o n  s e l e c t i o n .  The problems i n h e r e n t  
i n  managing l a r g e  s o f t w a r e  s y s t e n s  c r e a t e  p r e s s u r e  toward  
d e c e n t r a l i z e d  hardware and s o f t w a r e .  S p l i t t i n g  a v i o n i c s  
sys t ems  components among s e v e r a l  c o n t r a c t o r s  a l s o  makes a 
d e c e n t r a l i z e d  s y s t e m  eas ie r  t o  i n t e g r a t e  t h a n  one i n  which a l l  
pa r t i e s  share common computer hardware and s o f t w a r e .  On t h e  
o t h e r  hand,  t h e r e  i s  a p r o l i f e r a t i o n  o f  paperwork and manage- 
ment which i s  a t t e n d a n t  t o  i n c r e a s i n g  t h e  number o f  i d m t i f i -  
ab le  sys t ems .  

It i s  e n t i r e l y  a p p r o p r i a t e  t h a t  management problems 
s h o u l d  be c o n s i d e r e d .  However, i n  t h e  absence  o f  b e i n g  a b l e  
t o  q u a n t i f y  t e c h n i c a l  a s p e c t s  o f  t h e  p rob lems ,  and w h i l e  w?.it ing 
f o r  t e c h n o l o g i c a l  advances  t o  a l l e v i a t e  them,  t h e  aanagement 
cons i c2e ra t ions  have become dominat ing .  Resea rch  i n t c  quamti-  
fy i r . g  gross sys tem c o n f i g u r a t i o n  t r a d e o f f s ,  i n c l u d i r , g  hardware- 
s o f t w a r e  t r a d e o f f s ,  i s  g r e a t l y  needed .  

4 .0  FUNCTIONAL REQUIREMENTS OF SPACEBORNE 

The d e f i n i t i o n  o f  f u n c t i o n a l  r e q u i r e m e n t s  f o r  
s p z c e b o r n e  com.puters f o r  t h e  t h r e e  p r e v i o u s l y  ment ioned  advanced 
manned n i i s s ions  was a g o a l  G f  Task  2 8 .  " F u n c t i o n a l  r e q u i r e m e n t s "  
n e a n s  t h e  tasks  which the  onboard computer S y S t e r i  would be 
r e q u i r e d  t o  pe r fo rm,  r e g a r d l e s s  o f  i t s  c o n f i g u r a t i o n .  

I n  t h e  Apol lo  P rogran ,  s p a c e c r a f t  computers  a re  
u s e d  f o r  guid.ance,  n a v i g a t i o n ,  and a t t i t u d e  c o n t r o l .  To pe r fo rm 
t h e s e  f u n c t i o n s  t h e y  a l s o  d r i v e  s i m p l e  d i s p l a y s ,  and a c c e p t  
keyed  i n p u t s  from t h e  crew,  and t e l e m e t e r e d  i n p u t s  f rom t h e  
g round .  These f u n c t i o n s  w i l l  a l l  b e  expanded for advanced m i s s i o n s ,  
and a c o n s i d e r a b l e  number of  new ones  t indoubtedly w i l l  be added .  
S i n c e  much work has been and c o n t i n u e s  to be done on t h e  g u i d a n c e ,  
n a v i g a t i o n ,  and c o n t r o l  f u n c t i o n s ,  i t  was d e c i d e d  t o  emphasize 
t h e  newer f u n c t i o n s  i n  t h i s  t a s k .  Br i e f  d e s c r i p t i o n s  o f  SORE 
e x p e c t e d  new f u n c t i o n s  a r e  g iven  be lcw.  

4 . 1  A n t i c i p a t e d  N e w  F u n c t i o n s  f o r  Spaceborne  Computers 

a .  System Checkou t - -Essen t i a l ly  c o n t i n u o u s  p a s s i v e  
m o n i t o r i n g  o f  a l l  c r i t i c a l  sys t em p a r a m e t e r s  w i l l  
be  conducted  th roughou t  a m i s s i o n .  B e f o r e  c r i t i c a l  
e v e n t s  such  as t h r u s t i n g ,  more d e t a i l e d ,  a c t i v e  
t e s t s  w i l l  be  conducted .  I f  a f a i l u r e  i s  d e t e c t e d ,  
d i a g n o s t i c  t e s t i n g  w i l l  be a b l e  t o  i s o l a t e  a f a u l t  
t o  no x o r e  t h a n  a few r e p l a c a b l e  modules f o r  
e l e c t r o n i c  w i t s .  It i s  e s t ina t ed  t h a t  2000-4000 
t e s t  p o i n t s  w i l l  b e  a v a i l a b l e  i n  f l i g h t .  So f tware  
f o r  m o n i t o r i n g  and t e s t i n g  w i l l  r e q u i r e  a t  least  
t e n s  of t housands  o f  memory l c c a t i o n s .  The onboard  
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d .  

e .  

sys t em w i l l  a l s o  be used  f o r  p re - l aunch  c h e c k o u t ,  
and f o r  remote checkout  of  t h e  s p a c e c r a f t  from e a r t h .  

Experiment  Data Management and Control--The c h e c k c u t ,  
c a l i b r a E i o n ,  and c o n t r o l  of expe r imen t s  w i l l  a l s o  
u t i l i z e  t h e  onboard computers .  
ment c o n t r o l  w i l l  i n c l u d e  s imple  sequenc ing ,  c o n t r o l  
l o o p s  i n v o l v i n g  p r o c e s s i n g  of exper iment  s c i e n t i f i c  
data,  and p o i n t i n g  and h o l d i n g  c p e r a t i o n s .  
grammable f o r m a t t i n g  o f  exper iment  d a t a  w i l l  a l l o w  
v a r i a t i o n s  i n  s a n p l i n g  r a t e s ,  s e l e c t i G n  o f  p a r a m e t e r s ,  
d e g r e e  o f  s c i e n t i f i c  d a t a  p r o c e s s i n g ,  and l e v e l  o f  
data compress ion .  The a s t r o n a u t  w i l l  be able  t o  
s e l e c t  data f o r  d i s p l a y  from a v a r i e t y  o f  e x p e r i m e n t s .  
H e  w i l l  a l s o  be ab le  t o  do some p r e l i m i n a r y  a n a l y s i s  
w i t h  t h e  a i d  of c u r v e - f i t t i n g ,  s t a t i s t i c a l  f i l t e r i n g ,  
and o t h e r  m a t h e x a t i c a l  p rograms.  

Unmanned Probe Guidance--On p l a n e t e r y  m i s s i o n s ,  
unmanned p robes  may  be  l aunched  from t h e  nanned 
s p a c e c r a f t  f o r  a t n c s p h e r i c  s ampl ing ,  o r b i t a l  photo-  
g raphy ,  o r  r e t r i e v a l  o f  a s u r f a c e  sample. These 
p r o b e s  would be  checked Gut,  l aunched ,  and g u i d e d  
w i t h  t h e  a i d  of onboard computers .  Computa t iona l  
complex i ty  i s  e s t i m a t e d  a t  s e v e r a l  t imes t h a t  o f  t h e  
Apo l lo  LM d e s c e n t  gu idance  programs ( t h e  rrost  de- 
mandiflg i n f l i g h t  gu idance  program i n  Apol l o ) .  

I n f l i g h t  Crew S k i l l  M a i n t a i n a n c e - - I n f l i g h t  s i m u l a t o r s  
w i l l  b e  r e q u t r e d  t o  m a i n t a i n  crew s k i l l s  which are 
i n f r e q u e n t l y  u s e d .  
a s s o c i a t e d  w i t h  e a r t h  e n t r y  or p l a n e t a r y  l a n d i n g s .  

Astronaut-Computer Communications--With t h e  i n c r e a s e d  
emphas is  on compuTer a i d s ,  t h e  crew w i l l  be  f r e q u e n t l y  
communicating w i t h  t h e  computer .  I n t e g r a t e d  s i t u a t i o n  
d i s p l a y s ,  h i g h e r  l e v e l  l a n g u a g e s ,  h a r d  copy o u t p u t  
and improved keybcards  w i l l  be d e s i r a b l e  t o  make 
t h e  Ciialogue easier and  more r e l i a b l e .  

Automated e x p e r i -  

P r o -  

Of  c r i t i c a l  impor t ance  a r e  t h o s e  

4 . 2  Comments 

One can  imagine  miany o t h e r  f u n c t i o n s  f o r  which t h e  
computer  s y s t e n  may be used. Examples a r e  b a l a n c i n g  o f  solar 
h e a t  l o a d s ,  p o i n t i n g  an termas ,  m e d i c a l  d i a g n o s i s ,  and even  
e n t e r t a i n m e n t .  
f o r  i! p a r t i c u l a r  t y p e  o f  m i s s i o n ,  i t  i s  n e c e s s r r y  t o  q u a r i t i f y  
t h e  c o m p u t a t i o n a l  and 1 / 0  r e q u i r e m e n t s  o f  e a c h  c a n d i d a t e  
f u n c t i o n .  
( w e i g h t ,  c o n p l e x i t y ,  d o l l a r s ,  e t c . )  u s i n g  t h e  e x p e c t e d  s t a t e - o f -  
the-ar t  a v a i l a b l e  f o r  t h a t  m i s s i o n .  The c o s t s  o f  a u t o m a t i o n  
must t h e n  be  t r a d e d  o f f  ( a long  w i t h  e v e r y t h i n g  e l s e )  a g a i n s t  
m i s s i o n  g o a l s .  

I n  o r d e r  t o  choose t h e  f u n c t i o n s  t o  au tomate  

The r e q u i r e m e n t s  must be t r a n s l a t e d  i n t o  c o s t s  
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A f i r s t  c u t  a t  t h i s  p r o c e s s  was a t t e m p t e d  as p a r t  
o f  Task 2 8 ,  and l e d  t o  t h e  c o n c l u s i o n  t h a t  a l l  o f  t h e  f u n c t i o n s  
d i s c u s s e d  i n  S e c t i o n  4 . 1  could  be implemented t o  some exten t .  
f o r  a Manned Mars Flyby i n  t h e  mid 1 9 7 0 ' s .  Some form o f  e a c h  
f u n c t i o n  i s  a l s o  a p p l i c a b l e  to e a r t h - o r b i t a l  r n i s s i c n s .  The 
groundwork f o r  a second ,  more d e t a i l e d  a n a l y s i s  i n v o l v i n g  
b e t t e r  d e f i n i t i o n  o f  s e v e r a l  f u n c t i o n s  ( i n f l i g h t  t r a i n i n g ,  
computer  a ids  f o r  e x p e r i n e n t s ,  an6 msn-machine communicat ions)  
was s t a r t e d  unde r  Task 2 8  and i s  c o n t i n u i n g  as p a r t  o f  B e l l c o m i ' s  
g e n e r a l  sys t ems  e n g i n e e r i n g  s u p p o r t  f o r  advanced n i s s i o n s  . 
5 . 0  RECONMENDATIONS FOR FURTHER STUDIES 

r e  s 111. t e d  

1. 

2 .  

3. 

4. 

5. 

The f c l l o w i n g  recoxmendat ions f o r  f u r t h e r  s t u d y  have 
from Task  2 8 :  

The s u r v e y  G f  t h e  s t a t e - o f - t h e - a r t  o f  a e r o s p a c e  
computers  s h o u l d  be updated  a t  l e a s t  arml;ally; i t  
s e r v e s  as a bas i s  for p r e d i c t i n g  t h e  f u t u r e  s t a t e -  
o f - t h e - a r t  and f o r  f e a s i b i l i t y  a n a l y s e s  of new 
f u n c t i o n s .  

Another  more q u a n t i t a t i v e  i t e r a t i o n  of ground data 
p r o c e s s i n g  r e q u i r e m e n t s  s h o u l d  b e  pe r fo rmed .  The 
r e q u i r e m e n t s  shou ld  be compared w i t h  t h e  c a p a b i l i t i e s  
o f  a s y s t e m  based on t h e  l a t e s t  ground p r o c e s s i f i g  
s y s t e n :  p l anned  f o r  AAP.  The s t u d y  s h o u l d  d e t e r m i n e  
what c o n s t r a i n t s  t h e  AAP ground s y s t e m  p l a c e s  or, 
advanced m i s s i o n s  o r ,  a l t e r n a t i v e l y ,  what augnen ta . t i on  
would b e  r e q u i r e d .  

An at tempt  s h o u l d  b e  made t o  c r e a t e  improved mathe- 
m a t i c a l  models  o f  conputer -based  s y s t e m  f o r  making 
c o n f i g u r a t i o n  t r a d e o f f s  such  as c e n t r a l i z a t i o n /  
d e c e n t r a l i z a t i o n .  An a t t e m p t  t o  q u a n t i f y  o r  a t  least  
b e t t e r  d e f i n e  management problems f o r  d i f f e r e n t  con- 
f i g u r a t i o n s  s h o u l d  a l s o  be made. 

Techniques  f o r  nak ing  hardware-sof tware  t r a d e o f f s  
shoutld be e x p l o r e d .  Although a d m i t t e d l y  d i f f i c u l t  
t o  t r e a t  q u a n t i t a t i v e l y ,  t h e  p o t e n t i a l  p a y o f f s  are  
large.  

F u r t h e r  d e f i n i t i o n  of p o t e n t i a l  spaceborne  ccmputer  
f u n c t i o n s  i s  p o s s i b l e  even a t  t h i s  p o i n t  i n  t i m e ,  and 
s h o u l d  be  pu r sued .  I n  p a r t i c u l a r ,  au tomated  c h e c k c u t ,  
computer  aids f o r  e x p e r i m e n t s ,  i n f l i g h t  s k i l l  main- 
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tenance, probe guidance, computer-driven displays 
and computer-astronaut communications should b e  
explored. 

1031-PSS-dmc P. S. Schaenman 
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The documents d e s c r i b e d  below a r e  t h e  memoranda, 
p a p e r s ,  and t r i p  r e p o r t s  which were produced  under  Task 28 .  

Memoranda 

1. 

2 .  

3. 

4. 

" F u n c t i o n a l  Requirements  f o r  Spaceborne Computers 
on Advanced Manned M i s s i o n s , "  E .  L. Gruman, 
P .  S .  Schaenman, Bellcomm TM-66-1031-2, October  2 4 ,  
1 9 6 6 ,  d i s c u s s e s  f u n c t i o n s  which w i l l  r e q u i r e  s u p p o r t  
from t h e  onboard computer sys tem.  It i n c l u d e s  
Guidance and Nav iga t ion ,  a t t i t u d e  c o n t r o l ,  au tomated  
checkou t ,  i n f l i g h t  crew t r a i n i n g ,  c o n t r o l  and d a t a  
management o f  e x p e r i m e n t s ,  d i s p l a y s ,  unmanned p robe  
o p e r a t i o n s ,  and compute r - a s t ronau t  communicat ions.  

"Review o f  Proposed AAP Experiment 'Long Eiange High 
Frequency Communications' ,I' R .  I,. S e l d e n ,  Bellcomm 
Memorandum f o r  F i l e ,  Feb rua ry  1 0 ,  1 9 6 7 ,  r e v i e w s  a 
p roposed  l o n g  r a n g e ,  h i g h  f r equency  r a d i o  communicat ions 
exper iment  . 
"The Flow o f  Da ta  i n  Advanced Manned M i s s i o n s , "  
E.  L .  Gruman, B .  H .  L i e b o w i t z ,  J .  J .  Rocchio ,  
P .  S .  Schaenman, Bellcomm Memorandum f o r  F i l e ,  
March 1 7 ,  1 9 6 7 ,  d i s c u s s e s  t h e  f low of  d a t a  from 
s o u r c e s  i n  s p a c e  t o  u l t i m a t e  u s e r s  on t h e  ground 
f o r  t h r e e  m i s s i o n s :  1) Mars F lyby ,  2 )  E a r t h -  
O r b i t a l / E a r t h  Resources  and Meteoro logy ,  3 )  Ea r th -  
Orbi ta l /As t ronomy.  E s t i m a t e s  a re  g i v e n  f o r  t h e  
t y p e s ,  r a t e s ,  and q u a n t i t i e s  o f  data  g e n e r a t e d  
and f o r  t h e  amount o f  spaceborne  d a t a  s t o r a g e  
r e q u i r e d .  F a c t o r s  which must be c o n s i d e r e d  for 
f u t u r e  ground sys tems a r e  p r e s e n t e d  a l o n g  w i t h  a 
d e s c r i p t i o n  o f  t h e  ground s y s t e m s  used  i n  Apol lo .  
A b r i e f  d i s c u s s i o n  o f  s p a c e c r a f t - e a r t h  communicat ions 
i s  i n c l u d e d .  

"S ta t e -o f - the -Ar t  o f  AerosFace D i g i t a l  Comp1ut.err; , 
1962-1967,"  D .  0.  B a e c h l e r ,  Bellcomm TM-67-1031-1, 
J u n e  2 7 ,  1 9 6 7 ,  d e s c r i b e s  c h a r a c t e r i s t i c s  o f  40 
a e r o s p a c e  computers .  T rends  i n  o v e r a l l  d e s i g n ,  
c o m p u t a t i o n a l  speed ,  w e i g h t ,  power,  and volume a re  
a l s o  d i s c u s s e d .  
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5 .  "Communications f o r  Long D u r a t i o n  E a r t h  O r b i t a l  
M i s s i o n s , "  R .  K. Chen, Bellcomm Memorandum for 
F i l e ,  J u l y  7 ,  1 9 6 7 ,  d i s c u s s e s  u s e  of  t h e  p r e s e n t  
Manned S p a c e f l i g h t  Network and a p r o j e c t e d  communi- 
c a t i o n s  s a t e l l i t e  network f o r  t r a n s f e r r i n g  wideband 
i n f o r m a t i o n  between a s p a c e c r a f t  and e a r t h .  

P u b l i s h e d  P a D e r s  

1. 

2. 

3. 

" F u n c t i o n a l  Requirements  f o r  Spaceborne Computers 
Used on Advanced Manned M i s s i o n s , "  E .  L .  Gruman 
and P .  S .  Schaenman, Bellcomm Memorandum f o r  F i l e ,  
was p r e s e n t e d  a t  t h e  Spaceborne  M u l t i p r o c e s s i n g  
Symposium, Bos ton ,  M a s s a c h u s e t t s ,  (Sponsored  by 
NASA E l e c t r o n i c s  R e s e a r c h c e n t e r ) ,  Oc tobe r  3 1 ,  1 9 6 7 ,  
and i s  e s s e n t i a l l y  i d e n t i c a l  t o  Memorandum #l. 

"The Role o f  S p a c e c r a f t  Computers on Advanced Manned 
M i s s i o n s , "  E .  L .  Gruman and P .  S .  Schaenman, Bellcomm 
Memorandum f o r  F i l e ,  was p r e s e n t e d  a t  t h e  F o u r t h  Space 
Congress ,  Canave ra l  Counc i l  o f  T e c h n i c a l  S o c i e t i e s ,  
Cocoa Beach, F l o r i d a ,  A p r i l  6 , 1 9 6 7 ,  and i s  e s s e n t i a l l y  
i d e n t i c a l  t o  Memorandum #l. 

"S ta t e -o f - the -Ar t  of Aerospace D i g i t a l  Computers,  
1962-1967, ' '  D .  0.  B a e c h l e r ,  Bellcomm Memorandum f o r  
F i l e ,  h a s  been p u b l i s h e d  i n  t h e  I E E E  Computer Group 
N e w s ,  J a n u a r y ,  1968,  and i s  e s s e n t i a l l y  i d e n t i c a l  t o  
Memorandum #4. 

T r i p  R e p o r t s  

1. 

2. 

3.  

" T r i p  R e p o r t :  "S tepp ing  S t o n e s  t o  Mars" Meet ing 
i n  B a l t i m o r e ,  Maryland, March 28-30, 1 9 6 6 , "  E .  L .  
Gruman, Bellcomm Memorandum f o r  F i l e ,  A p r i l  6 ,  1 9 6 6 ,  
r e p o r t s  t h e  agenda and t o p i c s  o f  i n t e r e s t  f o r  a n  
AIAA-sponsored symposium on Mars M i s s i o n s .  

" T r i p  R e p o r t :  V i s i t  to ERC for B r i e f i n g  on Advanced 
Computer S t u d i e s , "  D .  0 .  B a e c h l e r ,  Bellcomm Memorandum 
for F i l e ,  A p r i l  1 9 ,  1 9 6 7 ,  r e p o r t s  m e e t i n g s  a t  which 
Bellcomm and t h e  NASA-Electronics Resea rch  C e n t e r  e x -  
changed i n f o r m a t i o n  on a e r o s p a c e  computer r e s e a r c h  i n  
p r o g r e s s  and p l anned .  

" T r i p  R e p o r t :  V i s i t  to Navy Depar tment ,  Washington, 
D .  C . , "  J .  J .  Rocchio,  Bellcomm Memorandum f o r  F i l e ,  
J u n e  2 7 ,  1 9 6 7 ,  r e p o r t s  a mee t ing  t o  d i s c u s s  computer- 
based sys t ems  used  i n  submar ines .  
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" T r i p  R e p o r t :  V i s i t  t o  J o h n s v i l l e  Naval A i r  Development 
C e n t e r , "  J .  J .  Rocchio,  Bellcomm Memorandum f o r  F i l e ,  
J u n e  2 6 ,  1 9 6 7 ,  r e p o r t s  m e e t i n g s  t o  d i s c u s s  t h e  computer- 
based  sys t em c a l l e d  t h e  " I n t e g r a t e d  H e l i c o p t e r  Av ion ic s  
System."  

" T r i p  R e p o r t :  
t o  D i s c u s s  Computer System Des ign ,"  D .  0. B a e c h l e r ,  
Bellcomm Memorandum for F i l e ,  J u n e  2 8 ,  1 9 6 7 ,  r e p o r t s  
a mee t ing  t o  d i s c u s s  computers  used  i n  t h e  F-111 
and C - 5 A  a i r c r a f t .  

V i s i t  t o  A i r  Force  Systems Command 

" T r i p  R e p o r t :  V i s i t  t o  Goddard Space  F l i g h t  C e n t e r  
t o  D i s c u s s  On-Board P r o c e s s o r  for S c i e n t i f i c  Space- 
c r a f t , "  D .  0 .  B a e c h l e r ,  Bellcomn, Memorandum for F i l e ,  
August 25, 1 9 6 7 ,  r e p o r t s  a mee t ing  to d i s c u s s  t h e  
g e n e r a l  pu rpose  Onboard P r o c e s s o r  b e i n g  deve loped  b y  t h e  
NASA Goddard Space F l i g h t  C e n t e r .  

" T r i p  Repor t :  V i s i t  t o  Envi ronmenta l  S c i e n c e s  A d -  
m i n i s t r a t i o n ,  Boulder ,  Colorado ,"  D .  0 .  B a e c h l e r  
and R .  H. H i l b e r g ,  Bellcomm Memorandum for F i l e ,  
Oc tobe r  3 0 ,  1 9 6 7 ,  r e p o r t s  a mee t ing  t o  d i s c u s s  t h e  
d a t a  c o l l e c t i o n  sys tem used  f o r  data on i o n o s p h e r i c  
d i s t u r b a n c e s  and s o l a r  a c t i v i t y .  

" T r i p  Repor t  : 
Goddard Space F l i g h t  C e n t e r ,  September 2 5 ,  1 9 6 7 , "  
P .  S. Schaenman, Bellcomm Memorandum f o r  F i l e ,  
November 6 ,  1 9 6 7 ,  r e p o r t s  m e e t i n g s  t o  d i s c u s s  a p p l i -  
c a t i o n s  of  spaceborne  computers  t o  e x p e r i m e n t s .  

Spaceborne Exper iments  and Computers-- 


